Introduction
Traumatic spinal cord injury (TSCI) is a life-changing event resulting in serious functional, psychological, and socioeconomic consequences. In 2018, it was estimated that spinal cord 
Study Population
This study includes adults aged 18 and older who were hospitalized and diagnosed with TSCI. Cases were extracted according to the International Classification of Diseases (ICD-9/10) codes for TSCI (cervical, thoracic, and lumbar) and concurrent surgical decompression codes (Supplemental Table 3 ). We defined early versus late spinal decompression surgery as decompression before or after 24 hours from admission. The 24-hour threshold was selected based on the STASCIS prospective clinical study [10] . Cases with missing time-to-surgery were excluded.
Patient, injury, and hospital characteristics
Patient characteristics included age, gender, injury year, payer, and comorbidities, all noted at baseline. Five categories of payers were included in the analysis (Private, Medicaid, Medicare, Self-pay, and Other). Comorbidities were measured with the Elixhauser comorbidity score and computed using an adaptation to ICD-9/10 codes developed by Quan et al. [12] [13] . Those cases lacking descriptors were excluded.
Injury characteristics were level of injury (cervical, thoracic and lumbar) and injury severity. Injury severity was captured through ICD-based injury severity scores (ICISS). ICISS was created as a data-driven survival score proxy to the injury severity score (ISS) [14] . ICISS varies from 0-1 with larger values representing a higher probability of survival.
Hospital characteristics included hospital bed numbers (small, medium, large), hospital region (Northeast, MidWest/North Central, South, and West), hospital location, and/or teaching status (rural, urban non-teaching, urban teaching).
Outcome measures
The main outcomes of interest were in-hospital complications, total length of stay (LOS), LOS after surgery, and total charges. LOS after surgery was calculated as the difference between total LOS and the number of days from admission to surgery. Complications considered included renal, cardiac, general nervous system, general neurological, deep vein thrombosis or pulmonary embolism (DVT/PE), other pulmonary, infection, wound infection, pneumonia, acute kidney injury, pressure ulcers, and sepsis (Supplemental Table 4 ). All charges were inflated to 2016 U.S. dollars using the medical component of the consumer price index [15] .
Statistical analysis

Analysis of Trend
The TSCI population has changed over the years (Supplemental Table 3 ). The generalized linear model characteristic-adjusted early surgery rates and outcomes were used in the analysis of trends instead of the raw values. The early surgery rates were analyzed using JoinPoint Regression software (Version 4.6.0.0 -April 2018; Statistical Methodology and Applications Branch, Surveillance Research Program, National Cancer Institute). Then, outcomes were plotted over time, compared with the early surgery rates to qualitatively evaluate the association of trends during the study period. The characteristic-adjusted values were also used in a secondary analysis qualitatively evaluating the association between days to surgery and outcomes.
Comparison of Outcomes between Early and Late Surgery
Herein, the comparison of outcomes between early and late surgery has been summarized over two decades. To account for the characteristic differences between early and late surgery groups within each year (Supplemental Table 5 ), we used inverse probability of treatment weight (IPTW) method to balance the covariates. We used the annual IPTW weighted estimates and standard errors (SE) were pooled to obtain overall comparative estimates of the two groups over the two decades.
Statistical Test Details and Software
Statistical analyses were performed in SAS (SAS Institute, Cary, NC). All tests were two-sided with p = 0.05. 
Results
Description of patients in sample
Trend of early surgery
The proportion of early surgery increased from approximately 45% in 1998 to approximately 64% in 2016 ( Figure 1 ). This trend has been consistently increasing: each year, more patients (1.60%) underwent early surgery than the previous year. Interestingly, the STASCIS study that indicated greater effectiveness of early surgery did not appear to alter this trend. Results from JoinPoint regression analysis show no break in the trend 1998-2016. 
Trends in outcomes and correlation with trend in early surgery
Over the years analyzed, the percentage of patients experiencing at least one complication while hospitalized slowly decreased starting at 51% in 1998 and ending with 49% in 2016. 
Comparison of outcomes, early versus late surgery
Late surgery was associated with more complications, longer total hospital stays and higher charges ( Table 2 ). These differences were consistently observed throughout most years. The 2 groups had similar hospital stays after surgery. In the pooled analysis of IPTW cohorts, late surgery SCI patients had an average longer stay (20 vs. 16 days, p < 0.0001). This difference was attributed to time prior to surgery since LOS after surgery was statistically comparable (about 15 days, p = 0.75). The hospital charges were higher for late surgery patients ($287,576 vs. $258,871, p = 0.0003) who also had more complications: nervous system (3% vs. 1%, p < 0.0001), infection (13.6% vs. 11.8%, p = 0.03), pneumonia (19.1% vs. 16.5%, p = 0.01), pressure ulcers (7.18% vs. 5.29%, p = 0.0002), sepsis (4.12% vs. 3.21%, p = 0.03). Other complications (renal, cardiac, neurological, DVT/PE, pulmonary, wound, acute kidney failure) were similar. Late surgery patients were more likely to experience at least one complication evaluated (53.2% vs. 50.4%, p = 0.02).
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In-hospital length of stay and charges 
Effect of days to surgery on outcomes
For the first three days, the complication rate curve remained constant at 48%, but by day 5, complication rates rose to mid-50%. As the surgery was further delayed, complication rates increased, slowly reaching mid-90% after about four weeks. LOS and hospital charges were marginally impacted by the surgical delay of up to 1.5 weeks. Starting at day 10, the later surgery was performed, the higher the LOS and associated hospital charges.
Discussion
The trend towards early surgery consistently increased from 1998 to 2016 at an annual rate of 1.60%. Of note, this trend was statistically the same before and after 2012, when results from the STASCIS study were published. LOS decreased and hospital charges increased. Compared to late surgery patients, early surgery patients had consistently better outcomes in most years, averaging five less hospital days, $28,705 less in hospital charges and 2.8% reduced risk of complications.
Trends of surgical timing
Traditionally, early decompression has been questioned for benefit of neurological recovery and its association with complication rates, given that early surgery was associated with worse neurological outcomes [16] . During the study interval, imaging, anesthesia, spinal instrumentation, and intensive care practices have seen great improvements that have reduced surgical risks.
Earlier analyses documented lowest early surgery rates, whereas studies from more recent years had the highest early surgery rates [4, 7, [17] [18] [19] . Our study is the first, to our knowledge, to evaluate the year-to-year trend of early spinal decompression over the past two decades. In the overall combined population, we found early decompression of 53%. This is consistent with studies spanning the years analyzed: early surgery rates ranged from 21% to 58%. We found that from 1998 to 2016, early surgery increased by 1.60% annually. Our hypothesis that the trend of early surgery after the publication of the STASCIS study would be higher than the prior trend was not supported by the data. STASCIS was a multicenter prospective study that provided strong support that early surgery is beneficial. From our analysis, the early surgery rates appeared to have plateaued in 2013 as compared to previous years at approximately 63%. An increasing body of evidence has supported that compression of the spinal cord should be treated as an emergency. However, in practice, this may be difficult to accomplish given low staffing outside of working hours, the need to disrupt preplanned surgical schedules, access to MRI, and the variability of TSCI. This observation that STASCIS did not dramatically shift the trend for early surgery likely derives from multiple factors. Future studies should evaluate if this trend begins to increase again after 2016. In 2016, one-third of TSCI surgical patients did not undergo surgery within 24 hours. In a systematic review of the timing of TSCI decompression, Wilson et al. showed that although the benefits of early surgery in cervical TSCI have been supported, for the non-cervical regions, the evidence is still debatable [20] . Current guidelines recommend that for TSCI cases presenting with central cord syndrome, decompression within 24 hours should be considered as an option [21] . For all other TSCI cases, early surgery (without a specific time threshold) is suggested as an option to reduce LOS and complications [21] [22] . Given the apparent benefits of early surgery, future studies should explore the factors associated with delayed surgery. Potential reasons include patient factors such as polytrauma and comorbidities as well as institutional factors such as operating room availability and hospital size.
Complications
Complications during the acute SCI period have been established as disease-modifying events that reduce recovery [23] . Bourassa-Moreau et al. compared complication rates between early and late surgery patients [24] . They found the early surgery group had fewer cases of pneumonia (20% vs. 36%), pressure ulcers (16% vs. 25%), and global complications (42% vs. 63%). Liu et al. conducted a meta-analysis finding that early surgery was associated with a 40% reduced risk of experiencing complications (odds ratio: 0.61, 95% CI: 0.40-0.91) [22] . Data from our study are consistent with these earlier reports. We found that, compared to late surgery, early surgery patients had lower complications of pneumonia (19% vs 17%) and pressure ulcers (7% vs. 5%). This may be due to different population demographics, their study included only complete TSCI while ours included all TSCI. Complete injuries are more severe and therefore more likely to be associated with complications post-injury [25] . Fifty percent of early surgery patients experienced at least one complication versus 53% for late surgery patients. Among other complications we evaluated, early surgery was associated with less nervous system complications, infections, wound problems, and sepsis.
Hospital length of stay and charges
We found early surgery to be associated with five-day shorter stays and $28,705 lower charges. This is consistent with prior studies evaluating early surgery outcomes. [26] . Two Canadian studies found that patients decompressed within 24 hours had about 4,000 Canadian dollars lower charges than those with later spinal surgery in all TSCI and 7,000 Canadian dollars less in complete TSCI [24] . Of note, the relative days counted from the day of surgery to discharge did not differ between the early and late surgery groups. Hence, the difference observed in total LOS was likely due to the delay of surgery. Reducing this time to surgery could potentially save hospitalization days and the associated expenditures. We found that the average LOS for all patients undergoing TSCI surgery has decreased over the years examined. Never-the-less the total charges increased consistently. This increase may be attributable to increasing healthcare costs in society and not necessarily the timing of surgery [21, 27] . The improvement in surgical care with the advances in imaging and spinal fixation hardware might have contributed to the increase in the cost while enabling reduced LOS.
Association of delay to surgery with complications and healthcare utilization
Our data suggests stable complication rates if surgery is performed within the first three days. Complications that were significantly different with surgery delayed beyond three days were related to the nervous system, infection, pneumonia, and sepsis, most of which take a few days to develop. Based on the risk of complications, our data support that if spinal surgery is not performed in 24 hours, it should occur within 72 hours.
Strengths and limitations of this study
NIS is a large database and representative sample of U.S. hospitalizations documenting realworld practices in U.S. healthcare and an excellent resource for health services research. However, there are some limitations: NIS is limited to hospitalization; it is not possible to inquire about the resources used or clinical outcomes prior to the injury hospitalization or to follow up patients after discharge. Although complications were identified, we could not determine their severity. Given that NIS is discharge-level data, it consists of claims-based data relying on ICD-9 and ICD-10 codes to define cohorts. There is the possibility of coding error, although minimal [28] . Completeness of injury was not factored into the analysis because ICD-9 coding does not distinguish complete and incomplete in the lumbar region. Although we used ITPW to balance observed confounders, there might be some residual selection bias given the observational study design. Despite these limitations, this study provides a long-term assessment of trends in spinal surgery timing for TSCI. Given the inherent difficulty to conduct randomized studies in this population, these results add additional evidence that delay of surgery should be carefully weighed against the increased risk of complications and reduced neurological recovery.
Conclusions
Early surgery to decompress and stabilize the spine has emerged as an accepted standard that may improve neurological outcome and reduce acute care duration in many instances. This study shows while the rate of early surgery has increased, as of 2016, about 30% of patients did not undergo surgery within 24 hours. Early surgery was associated with fewer complications, shorter hospital stays, and lower charges. Beyond three days after admission, the more days that pass before surgery, the higher the risk of complications. Future studies should identify the causes of a delay in surgery to determine if some can be mitigated. Given the established benefits of earlier surgery for TSCI, surgeons should prioritize surgery within 24 hours in the absence of compelling reasons to delay.
Appendices
International Classification of Diseases-9
International Classification of Diseases-10
Diagnosis Cervical 806.0, 806.1 S14.0--A or S14.1-A + S12. 
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